An extensive analysis of structural databases is carried out to investigate the relative flexibility of B-DNA and A-RNA duplexes in crystal form. Our results show that the general anisotropic concept of flexibility is not very useful to compare the deformability of B-DNA and A-RNA duplexes, since the flexibility patterns of B-DNA and A-RNA are quite different.
INTRODUCTION
Nucleic acids are long, flexible polymers able to adapt their structure to changes in sequence, presence of drugs or proteins, mechanical stress, or changes in the solvent environment (1) (2) (3) . The deformability of nucleic acids is of special importance in their ability to be recognized by specific proteins, which in some cases can dramatically distort their canonical structure (4) (5) (6) (7) (8) (9) (10) (11) (12) . In fact, the sequence-dependent deformability of DNA duplexes is believed to be a kind of 'secondary genetic code' that can enhance or reduce the ability of a given DNA segment to be packed in nucleosomes, or to be recognized by proteins (6, 8, 12, 13) .
Most theoretical and experimental studies of nucleic acids deformability have been focused on the B-DNA duplex [for reviews see references (11, 14) ]. These studies have suggested that the deformability of B-DNA can be mostly understood by considering changes in helical parameters at the dinucleotide level. For example, Dickerson found that subtle changes in roll can explain the bending of DNA in many protein-DNA complexes (7) . Local bending and twisting was also used to predict nucleosome stability in different DNA sequences (10) . Lavery et al. (5) suggested that simple local distortions can explain large structural changes in DNA upon binding to proteins. Similar conclusions were reached by Beveridge's group (12) . Furthermore, Olson and coworkers (9) found that subtle changes in local twist can explain most heterogeneity in 38 B-DNA structures collected from NDB. Finally, Okonogi et al. have recently presented direct experimental evidence (15, 16) that local distortions are propagated to the entire duplex. In summary, several indirect evidences suggest that the flexibility of B-DNA can be understood as a combination of small geometrical distortions at the constituting steps.
The characterization of the flexibility pattern of A-RNA has received less attention, despite the fact that deformability of short and medium pieces of A-RNA can modulate its interaction with other macromolecules. Electron micrography, gel electrophoresis, hydrodynamic measurements or fiber diffraction (17) (18) (19) suggest that A-RNA is generally more rigid than DNA. The same generic conclusion was reached from different NMR experiments (20, 21) . Furthermore, the larger polymorphism in the B-family compared with the A-family found in crystal structures has been traditionally used as an additional evidence of the greater flexibility of B-DNA compared with A-RNA (1-3).
Molecular dynamics (MD) simulations by Cheatham and Kollman (22) showed that the backbone in A-RNA was more rigid than in B-DNA, which was taken as a probe of the greater flexibility of B-DNA compared with A-RNA. Similar conclusions were reached by Westhof's group from MD simulations of B-DNA and A-RNA homopolymers (23, 24) .These conclusions have been recently challenged by MD simulations from MacKerell's group (25) , who concluded, from a 5 ns CHARMM-MD simulation, that A-RNA fluctuates more than B-DNA at the base-pair level. Recent extended MD simulations performed in our group (26) on B-DNA and A-RNA dodecamers revealed that the deformability pattern is more complex than expected. Thus, B-DNA has on average greater entropy than A-RNA, confirming that it is less globally rigid. However, depending on the type of perturbation considered, B-DNA is more or less flexible than A-RNA. Our analysis pointed out that DNA is more flexible than A-RNA in terms of medium and high frequency movements related to local backbone transitions with little impact on the global helical properties of the duplex. However, when only the first essential movements (i.e. those with the lowest frequency) are considered, A-RNA is surprisingly more flexible than B-DNA. Stiffness analysis using helical coordinates allowed us to quantify the helical deformability of B-DNA and A-RNA, showing that B-DNA is more or less flexible than A-RNA depending on the helical coordinate considered. In other words, the B-DNA backbone is clearly more flexible than the A-RNA one, but backbone movements sampled by B-DNA do not imply changes in the global helical conformation in many cases. The flexibility of B-DNA and A-RNA, thus, appears to be more complex and subtle than initially thought, and its analysis requires more attention than usually given.
In this paper we will continue our investigation of the relative flexibility of B-DNA and A-RNA duplexes. Here we will analyze crystal databases to determine: (i) the relative flexibility of B-DNA and A-RNA in the 'conformational space' sampled by structures of duplexes deposited in NDB, (ii) the nature of the distortions from the ideal helical conformation induced by sequence and crystal lattice on A-RNA and B-DNA duplexes, and (iii) whether or not the movements sampled during a MD trajectory are equivalent to those sampled by different chemical structures present in NDB.
METHODS

Database definition
A crucial step in the analysis was the selection of a significant set of structures to define the normal conformational space sampled by B-DNA and A-RNA duplex structures deposited in NDB. Since the number of structures in the database is small and all the methods used to characterize the flexibility in nucleic acids are directly or indirectly based on the harmonic oscillator model, elimination of anomalous structures is necessary to guarantee the reliability of the results.
First all B-DNA and A-RNA duplexes solved by X-ray crystallography and deposited in the 2003 version of the NDB server (http://ndbserver.rutgers.edu) were filtered to eliminate structures containing proteins, drugs, mismatchings, overhanging bases or more than three unusual bases (other than A, T, G, C or U) in canonical Watson-Crick pairings. Second, to reduce severe lattice artefacts (27) all B-DNA and A-RNA duplexes shorter than 8 bp were also removed. Third, helical analysis (28) of the remaining structures is performed at the canonical base-pair level removing those base pairs showing one or more unusual helical parameter (more than three times out of the standard deviation from the average for this step type) since the presence of these base pairs in database can bias the harmonic analysis. For backbone analysis (see Essential dynamics), those structures where the backbone RMSD of the central 6mer portion of the duplex deviates by >3 s from the mode were eliminated from the set of structures defined after the second step. This procedure reduces the database to 367 B-DNA and 209 A-RNA steps for analysis. All (33 A-RNA and 66 DNA) structures selected were solved by X-ray techniques with a resolution better than 3 s (a list of the database of structures is shown in Table S1 of Supplementary Material).
The preceding selection procedure eliminates a sizeable amount of experimental data and reduces the population of certain steps (e.g. there are only nine TA steps for B-DNA and eight AU steps for A-RNA), limiting then our ability to characterize flexibility at the sequence level as done by other authors (7) (8) (9) 29) . However, it guarantees that: (i) perturbations are within the harmonic limit, that is, conformations considered can be reached under typical thermal energy (10, 30) by unperturbed naked nucleic acids, (ii) harmonic models fitted to represent flexibility of naked B-DNA and A-RNA are not dependent on the spurious presence of outliers in the database, (iii) results for B-DNA and A-RNA can be directly compared without concerns derived from the different nature of the perturbation induced by proteins, mutations or drugs in both types of nucleic acids.
Energetic analysis
The step interaction energy (stacking + hydrogen bond) for all steps in the database was determined after addition of hydrogens with AMBER6.0 (31), and capping of the nucleobase at the C1 0 with a methyl group (i.e. the sugar was substituted by an united-atom CH3 group keeping the atomic definition of the nucleobases in neutral subsystems). PARM-99 (31,32) was used to describe the nucleobase-nucleobase interactions.
Helical parameters
All the structures collected were analyzed to derive helical parameters using the 3DNA (28) . Bending angles (distortion, q, and directionality, f) were computed as described by Sherer et al. (33) from tilt (t) and roll (r) angles as shown in Equations 1 and 2. Unless otherwise noted, we always refer to local helical parameters. Additional geometrical parameters were derived with analysis modules in AMBER and with in house software.
where d = 1 if r < 0 and 0 otherwise, defining then positive bending towards the major groove.
Essential dynamics
The set of structures of B-DNA and A-RNA in the database were used to create a 'pseudo-trajectory' in the NDB conformational space. For this purpose, all the backbone heavy atoms of the central (six-steps) portion of the duplexes were superposed (oriented with respect to a common reference system), thus leading to two separate files for B-DNA and A-RNA, respectively. Once these pseudo-trajectory files were created we computed the essential motions in the NDB conformational space: i.e. the geometrical changes that explain more conformational variability in B-DNA and A-RNA induced by the sequence and crystallization conditions. To this end, covariance matrices for common atoms of DNA and A-RNA (i.e. by excluding 2 0 -OH/H) were built and diagonalized. The eigenvectors define the type of essential motions in NDB conformational space, and the associated eigenvalues determine how much of variance in the trajectory is explained by each eigenvector.
The similarity between the type of movements in NDB conformational space between B-DNA and A-RNA can be determined by using absolute (g) and relative (k) similarity indexes (34) (35) (36) (37) , as shown in Equations 3 and 4.
where n A i stands for the unitary eigenvector i of nucleic acid A (B-DNA or A-RNA), and n is the minimum number of essential motions that account for a given variance in the trajectory (we found that eight modes explained at least 80% of variance of any trajectory or pseudo-trajectory).
where the self-similarity indexes g Interestingly, Equations 3 and 4 can be used to compare pseudo-trajectories in NDB conformational space with trajectories in geometrical space collected from extended MD simulations of B-DNA and A-RNA duplexes. For this purpose we built and diagonalized covariance matrices containing the fluctuations of the central six-steps backbone heavy atoms obtained after 10 ns MD simulations in water of 12mer B-DNA and A-RNA duplexes (26) . This analysis allowed us to quantify to what extent the small harmonic movements induced in B-DNA and A-RNA by changes in structure or crystal environment are the same than those explored spontaneously by a typical B-DNA duplex in aqueous solution. Finally, we also explored whether or not the type of severe distortions needed to bind DNA to proteins can be explained based on the essential movements sampled by naked DNA in either NDB or Cartesian space. For this purpose, similarity indexes were computed between MD-trajectories or pseudo-trajectories derived from naked B-DNAs in NDB and an extended database of B-DNAs containing naked B-DNA and A-RNA bound to proteins.
Entropy calculation
Samplings in NDB database are too limited to provide converged entropies using pseudo-harmonic models (38, 39) . However, we can obtain a rough estimate of entropy in the helical space by assuming that helical entropy only depends on base-pair rotations (roll, twist and tilt). Dividing the conformational space in a discrete three-dimensional grid (5 spacing), the entropy can be computed from the probability of existence of a given microstate P m as shown in Equation 5 (40) . To make the results comparable entropies were in general calculated using datasets of equal size for B-DNA and A-RNA (see below).
Stiffness analysis
If the deformation of B-DNA and A-RNA is assumed to be harmonic, i.e. if conformational sampling is Gaussian (see above), the stiffness of these molecules can be characterized by the force constants associated with each deformation. Such force constants can be derived from the Gaussian fluctuations at constant temperature detected in either MD trajectories or structural databases (8, 13, 26, 35, 36, 41, 42) . A first set of reasonable deformation variables are the essential movements determined as described above (26, 36) . Since these movements are orthogonal, no coupling terms exist, and pure force constants can be derived as shown in Equation 6.
where l i is the eigenvalue (in s 2 ) associated with the essential movement n i determined by diagonalization of the covariance matrix, T is the temperature (in Kelvin), k is the Boltzmann's constant and K i is a force constant associated with the essential motion.
Alternatively, the deformation can be measured by using helical parameters (tilt, roll, twist, shift, slide and rise). These variables are closer to chemical intuition than essential movements, but are not orthogonal, complicating the concept of stiffness matrix (F = F(K ij )), where the non-diagonal elements correspond to coupling terms. As shown by others (8, 13, 41, 42) , the stiffness matrix can be easily determined by inversion of the covariance matrix C = C(h<x i x j >i) computed in the helical space as shown in Equation 7 .
Furthermore, the determinant of the covariance matrix in helical space (8, 43) provides a measure of the generalized conformational volume sampled by B-DNA and A-RNA structures in NDB. With some caution, due to the unit-dependence of this parameter (when it is computed combining rotational and translational parameters), this value can be used to roughly characterize the general deformability of both nucleic acids in the NDB conformational space.
Finally, it is worth noting that the methods outlined here to compute stiffness rely on the assumption that the deformations detected in the ensemble of structures arise from the intrinsic flexibility of the structure, that is, no external forces (like the presence of bound proteins or drugs) bias the ensemble of selected structures. In order to guarantee this point, the analysis was performed using the reduced database of naked B-DNA and A-RNA (n databases). We also generated an extended database (n+p database) containing naked B-DNAs as well as heavily distorted fragments of DNA taken from the W. Olson database (8). Since DNA-bound complexes are not distorted equally in all portions of the structure we incorporated only the 6mer fragment to this database where the protein induces the largest distortions in the DNA. This extended database contains then both relaxed and heavily distorted DNAs. Analysis of this database will provide information on the large structural deformations needed to fit the duplex geometry to that in DNA-protein complexes.
RESULTS AND DISCUSSION
General crystal properties
There is a general thought that the greater flexibility of B-DNA should be reflected in the comparison of the structural characteristics of the available X-ray crystallographic structures of B-DNA and A-RNA. Thus, a common thought in the field is that a greater flexibility of a structure should be reflected in its crystallization in a more diverse range of crystallographic space groups and in a generally worse resolution and higher temperature factors in the solved structures. Inspection of the database of naked B-DNA and A-RNA (see Table 1 ) indicates that they have been solved with similar resolution, the number of crystallographic forms of A-RNA is higher than that of B-DNA, and the temperature factor is on average higher for A-RNA than for B-DNA. Therefore, these simple properties do not support the general idea that B-DNA is more flexible than A-RNA. In fact the real significance of these parameters as descriptors of flexibility seems very questionable.
Equilibrium helical parameters
The base-pair translations (shift, slide and rise) and rotations (tilt, roll and twist) were computed for all the steps in the database of naked B-DNA and A-RNA. Fitting against different continuous functions (http://www.xycoon.com/ continuousdistributions.htm) show that in most cases the distribution of values for each type of base step was nearly Gaussian, which allowed us to roughly characterize the distributions of values from the mean and its associated standard deviation (see Table S2 in Supplementary Material). Values for steps where sampling is poor must however be taken with caution. The overall distributions (mixing all the base steps) have in all the cases reasonable Gaussian shapes (data available upon request). Average values are close to the expected values for canonical B and A forms (3), the major differences between B-DNA and A-RNA being found for roll (close to 0 in B-DNA and around 8 for A-RNA), twist (4 smaller in A-RNA) and slide (0.3 s for B-DNA and around À1.6 s for A-RNA). Standard deviations associated with the average shift, rise and tilt are similar for B-DNA and A-RNA, whereas large values are found for B-DNA in roll, twist and slide (see Table S2 in Supplementary Material). Analysis of the results demonstrates that the largest dispersion of roll, twist and slide in B-DNA is due to a greater sequence-induced variability (see Table S2 in Supplementary Material).
Tilt and roll can be combined to obtain information on the intrinsic bending of B-DNA and A-RNA (see Methods), which depends on the bending angle and the bending directionality (q and f) in Equations 1 and 2. The former indicates the magnitude of the bending, and the latter the direction (towards major or minor groove) of the bending. Histogram plots (see Figure 1) show that there are no major differences in terms of the bending angle between B-DNA and A-RNA, and in fact, the distribution of q values is slightly smoother for A-RNA than for B-DNA. There are, however, major differences in the bending direction, since A-RNA bends only towards the major groove (f distribution centered around 0 ), while B-DNA bends towards both major and minor grooves (bimodal f distribution centered around 0 and 180 ). Moreover, there are little sequence-induced changes in the bending of A-RNA (both in terms of q and f), whereas larger differences are detected for B-DNA, since Pur-Pyr steps have a greater tendency to bend to the major groove, while Pyr-Pur show the opposite trend (see Figure 1 ).
Nucleobase interaction energies
The different arrangement of nucleobases in B-DNA and A-RNA might lead to different nucleobase-nucleobase interaction energies. Hydrogen-bonding is very good for both B-DNA and A-RNA, close to the limit of perfect interactions in the gas phase (44) . Overall, the hydrogen bond is slightly better for B-DNA [AT (À10.4 -3.8); GC (À25.5 -5.4)] than for A-RNA [AU (À9.4 -4.2); GC (À23.9 -6.9)], but the difference is rather small to be significant. The stacking is on average better (>2 kcal/mol) for B-DNA than for A-RNA (see Table 2 ), suggesting that the greater compactness of A-RNA does not lead to better stacking between nucleobases. The change from B-DNA to A-RNA parameters does not have the same effect for all the steps, which implies that the ordering of stacking stability for the different steps in B-DNA and A-RNA is different. The largest difference is found for GC, which has the best stacking for A-RNA, but one of the worst for B-DNA (see Table 2 ). Finally, it is worth noting that the range of variability of stacking energies in B-DNA and A-RNA is similar. Short duplexes and hairpins were eliminated from the study. The total number of structures considered was 74 (B-DNA) and 67 (A-RNA). 
Global flexibility
The global flexibility of A-RNA and B-DNA was examined from the amount of conformational space occupied by the structures included in the database. To this end, both Shanon's entropy and Go's conformational volume (see Methods) in helical space were determined. Due to the limited size of the sampling set, both parameters were determined for the entire set of nucleic acids, and not for the different base pairs. Results in Table 3 strongly suggest that the B-DNA is more flexible than the A-RNA. Thus, the B-DNA has a conformational volume >5 s 3 deg 3 larger than that of A-RNA. Furthermore, Shanon's entropy associated with helical rotations is $2 cal/K mol larger for B-DNA than for A-RNA. Therefore, B-DNA is able to sample more different conformations than A-RNA in order to adapt its structure to changes in sequence or crystal environment. It is worth noting that the same conclusion was recently obtained when flexibility in the Cartesian space was studied by MD simulations (26).
Essential dynamics
As noted above, we can generate pseudo-trajectories by linking all the common elements of B-DNA or A-RNA structures accessible in NDB. Principal component analysis can then be used to determine the essential movements that explain most of the structural deformations induced by changes in sequence or crystal environment. The eigenvalues provide direct information on the deformability of structures along their essential movements, and the eigenvectors describe the nature of these movements.
A-RNA has a simpler deformability pattern than B-DNA, since only three principal components explain 80% of variance in the A-RNA pseudo-trajectory. The deformation pattern of B-DNA is more complex and eight components are necessary to explain the same level of variance. The first essential movements always correspond to twisting and untwisting transitions, which are related to changes (sometimes correlated) of roll and twist. Interestingly, the force constants associated with the first essential movements are higher for B-DNA than for A-RNA, whereas the situation reverses for higher modes (see Figure 2 , top). This suggests that the distortion in A-RNA is dominated by only a few movements, which explains a large percentage of variance, and have very low force constants as shown in Equation 6 and Figure 2 . The opposite situation occurs for B-DNA, which has a more complex deformation pattern and where a large number of distortions having low force constants make significant contributions to the total deformability of the molecule. It is worth noting that a similar result has been recently inferred from the analysis of the deformability in Cartesian space in MD simulations of B-DNA and A-RNA (26; note that for a typo error force constants (in cal/mol s 2 ) displayed in figure 4 of reference 26 must be multiplied by 10).
The set of eigenvectors obtained by principal component analysis (PCA) can be used to measure the similarity between the deformability patterns determined in the two (pseudo-) trajectories as shown in Equations 3 and 4. Though the values in Table 4 must be viewed with caution due to possible errors arising from the limited size of the crystallographic databases, they clearly point out a reasonable similarity between the different trajectories. A very high similarity index (k = 0.96) is found between the essential movements detected in the pseudo-trajectory built up by mixing naked B-DNAs and the most deformed 6mer DNAs in the DNA-protein database [DNA(n) and DNA(n+p) databases]. This result is very surprising considering that DNA exhibits a much wider range of distortion in the DNA(n+p) database than in the DNA(n). Clearly, this excellent agreement demonstrates that binding to proteins implies conformation changes in the nucleic acid, which are similar to those spontaneously happening in DNA, to adapt its structures to changes in sequence or environment. Even though B-DNA and A-RNA have different patterns of essential movements, there is a reasonably good conservation in the nature of these movements (see Table 4 ). When the B-DNA and A-RNA structures collected from MD trajectories are compared, the similarity index is $0.6, which is remarkably high considering that similarity indexes between MD trajectories of two different B-DNAs are typically $0.7 (35). Interestingly, the same level of similarity is found (see Table 4 ) when pseudo-trajectories of crystallographic B-DNA and A-RNA structures are compared. Such an agreement in the NDB conformational space agrees with MD studies on the similarity between the essential dynamics of B-DNA and A-RNA in the Cartesian space (26) . Finally, essential movements obtained from database analysis and from MD simulations are quite similar (k in the range 0.6-0.7), which demonstrates that the conformational space sampled in NDB is equivalent to the Cartesian space sampled spontaneously by nucleic acids. Furthermore, this agreement suggests that the distortion required to adapt the DNA to the conformation found in protein-DNA complexes is similar to those happening spontaneously in naked B-DNA This exciting finding points out the existence of a 'parallel genetic code', probably conserved along evolution, which favours DNA structures whose essential movements favour the transitions needed to accommodate proteins necessary to control DNA function.
Stiffness analysis
Essential dynamics provides important information on the deformability of B-DNA and A-RNA along their easiest deformation modes. Unfortunately, this information is often difficult to manipulate, since essential movements are a complex combination of Cartesian movements. For this reason, we perform an alternative stiffness analysis that exploits the covariance matrix in helical space (see Methods). The force constants obtained in this way represent the energetic response of B-DNA or A-RNA to deformation along helical coordinates (shift, slide, rise, tilt, roll and twist) and provides a complementary view of the relative flexibility of B-DNA and A-RNA.
The easiest deformations in B-DNA and A-RNA are related to local rotations, especially those related to roll and twist. Changes in translation parameters are strongly penalized, especially those involving changes in rise, which would lead to the loss of stacking (see Table 5 ). Diagonal force constants derived from the analysis of the DNA(n+p) databases are only 25% smaller than those obtained from naked B-DNAs (see Table 5 ). This is a surprisingly small difference (see Methods), which demonstrates that deformation in DNA upon binding of proteins is achieved by combining small, easy to achieve, local changes at the base-pair level (5) , not the result of large distortions in singular base steps. Finally, we should note that results in Table 5 give strong support to previous work by Olson et al. (8) , who used a database of DNA structures in protein-DNA complexes (taking both distorted and undistorted fragments) to derive sequence-dependent force constants for naked B-DNAs. Indirectly, the agreement between force constant derived from the n+p and n databases support the validity of simple harmonic models to describe quite important distortions, which a priori might escape the limit of validity of this simple model.
Distortion energies (in Figure 3) suggest that the whole B-DNA is more flexible in the NDB conformational space than A-RNA (see Figure 3) , but the analysis of stiffness matrices (Table 5) demonstrates the existence of subtle differences in the deformability of B-DNA and A-RNA (see Table 5 ). Thus, despite the fact that in general B-DNA is more flexible than A-RNA, deformations of rise or tilt are more difficult for B-DNA than for A-RNA, and in fact the largest general rigidity of A-RNA is mainly related to slide and twist deformations, which are much less penalized in B-DNA compared with A-RNA. It is worth noting that these subtle effects are also found in the analysis of structures sampled in MD simulations of canonical B-DNA and A-RNA duplexes [see Table 5 , (26)]. In summary, both database analysis and MD simulations strongly suggest that the concepts 'flexibility' or 'rigidity' can be meaningless if they are not associated with a type of distortion, and that more accurate definition of these concepts need to be used to characterize nucleic acids. The index n refers to naked B-DNA or A-RNA, and n+p refers to an extended set containing naked B-DNA and those distorted in protein-DNA complexes. MD eigenvectors were derived from trajectories of B-DNA and A-RNA 26 . Calculations were always performed considering 6mer duplexes. In the case of the DNA-protein complexes, only the 6mer DNA showing the largest distortion for each DNA-protein complex was introduced in the study.
A-DNA
This paper has been focussed on the two major conformations of DNA and A-RNA duplexes under physiological conditions. However, some interest exists in determining the flexibility properties of A-type conformation of DNA. The flexibility analysis of A-DNA structure is handicapped by the bias in the composition of the database derived (using the same cleaning protocol) from NDB. Table 5 and quite different to those of B-DNA shown in the same Table. In summary, quantitative analysis of A-DNA structure is not advisable with current database composition, but qualitative results derived here (extended results are available upon request) strongly suggest that, A-DNA is similar to A-RNA not only in structural terms, but also in flexibility terms.
CONCLUSIONS
There is a lot of evidence that chemical and Cartesian spaces reasonably agree, and that the ability of a given nucleic acid to adapt its structure to changes in its sequence or environment is a direct consequence of its flexibility in the Cartesian space. This finding supports the validity of database analysis in the description of B-DNA or A-RNA flexibility.
The type of movements necessary to adapt B-DNA to the very distorted geometries needed for protein binding are similar to those spontaneously happening in B-DNA, and can be understood as an addition of small local changes. The energy introduced by the protein is used to move farther than usual in distortion patterns, which were implicitly coded in the DNA in a sort of 'secondary genetic code'.
Measures of global flexibility, like the conformational volume, Shanon's entropy or deformation energies suggest that, as generally accepted, B-DNA is more flexible than A-RNA. However, essential dynamics and helical stiffness analysis shows the limitations of the scalar concept of flexibility, since the pattern of deformability of B-DNA and A-RNA is very different. A-RNA shows a simple flexibility pattern, which can be described by a very small number of very soft essential movements, whereas that of B-DNA is much more complex and involves many relatively soft essential movements. In the helical space depending on the type of distortion, B-DNA can be more flexible or more rigid than A-RNA.
Overall, the excellent agreement between database analysis reported here and recent molecular dynamics simulations strongly support the synergy between both types of studies for a complex description of the flexibility of nucleic acids.
